Purpose: We sought to determine whether a 9-day remote ischemic preconditioning (IPC) causes improvements in exercise performance, energetics, and blood pressure. Conclusions: Short-term remote IPC may be ineffective in improving these outcomes.
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Short-term remote ischemic preconditioning is not associated with improved blood pressure and exercise capacity in young adults
Banks, Laura 1 D r a f t D r a f t Introduction Ischemia-reperfusion injury is common in many cardiovascular diseases. Remote ischemic preconditioning (IPC) can be induced by nonlethal ischemia at a site distant to the target organ (e.g., using a blood pressure cuff or tourniquet to occlude blood flow in a limb) before a prolonged ischemic episode. Acute remote IPC has been shown to provide protection against subsequent ischemia-reperfusion injury of distant organs in humans (Przyklenk et al. 1993) .
A growing number of studies have more recently examined the effectiveness of remote IPC on blood pressure, exercise performance, and muscle energetics in adults (Jean-St-Michel et al. 2011; Madias 2011; Clevidence et al. 2012; Jones et al. 2014; Lalonde and Curnier 2014) . Early evidence suggests that mean arterial and/or systolic blood pressure may be improved with acute and chronic remote IPC(Madias 2011; Jones et al. 2014) . In contrast, acute remote IPC may or may not effect aerobic and anaerobic performance (Jean-St-Michel et al. 2011; Clevidence et al. 2012; Lalonde and Curnier 2014; Incognito et al. 2015) . Ischemic preconditioning may conceivably modulate muscle energetics during reperfusion, as evidenced by an increase in phosphocreatine production as well as higher oxygen consumption (Andreas et al. 2011 ). The effectiveness of chronic remote IPC on improving blood pressure and exercise performance warrants further investigation.
As a result, we sought to determine the influence of a short-term remote IPC intervention on blood pressure, peak exercise performance, and muscle energetics. It was hypothesized that the whole-body effects of a 9-day remote IPC intervention would D r a f t Effects of short-term RIPC on blood pressure and exercise capacity 4 be associated with a decrease in resting blood pressure and an increase in aerobic exercise capacity secondary to enhanced muscle energetics.
Materials and Methods
Recruitment: Institutional research ethics board approval was obtained.
Sedentary young adults were recruited from the local community and informed consent was obtained. Potential participants (18-35 year old sedentary males and females) were excluded if there was a contraindication to exercise or magnetic resonance imaging, or a prior cardiovascular disease diagnosis. Study participation was delayed for the following reasons: reported vigorous exercise (21 days prior to the IPC intervention), and/or an acute viral or bacterial infection (10 days prior to the IPC intervention), and/or alcohol and/or caffeine consumption (10 days prior to the intervention or during the study period). These rigorous criteria reflected factors that were known to have potential preconditioning effects and/or mitigate the effects of preconditioning. Adherence was confirmed verbally and recorded at each study visit.
Remote IPC Intervention: A remote IPC protocol was performed at the same time daily (morning) for 9 consecutive days. Following a 5-minute rest period, an automated blood pressure (BP) device (General Electric Dash 3000 Monitor, WI, USA) was used to assess seated blood pressure in triplicate before and after each intervention day.
Remote IPC was induced using a standard hand anaeroid sphygmomanometer and blood pressure cuff placed on the right arm of the seated participant. A consecutive day intervention protocol was chosen to coincide with established pre-conditioning windows.
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The blood pressure cuff was placed on the upper arm, as it has been shown to be more tolerable and easier to occlude than the lower limb (Clevidence et al. 2012 ). This site was also considered suitable as preconditioning is known to have whole-body effects, particularly at sites distant from the application of the blood pressure cuff. The cuff was inflated to a pressure of 200mmHg for five minutes (ischemia). The blood pressure cuff was then deflated for five minutes (reperfusion) completing one cycle of ischemiareperfusion. A total of four inflation and deflation cycles were performed daily.
Cardiopulmonary Exercise Testing:
A progressive ramp bicycle exercise test was performed to determine peak oxygen consumption (peak VO 2 )one week prior to and at least 24 h following the 9-day remote IPC intervention (Godfrey et al. 1971 ). This cycle ergometry (Lode Corval, Lode BV Medical Technology, Groningen, NL) protocol involved 1-minute increments of 10-20 Watts (dependent on participant height) to determine peak VO 2 within a 10-12 minute exercise test. Blood pressure (Tango, Suntech Medical, NC, USA) and lactate measures (iSTAT 300 with CG4+ Cartridges, Abbott Laboratories, IL, USA) were taken at rest and peak exercise. This gold-standard measure also included the breath-by-breath analysis of oxygen consumption (VO 2 ), respiratory exchange ratio, and heart rate (Vmax Encore with Cardiosoft ECG v6.51, Viasys Healthcare, CA, USA). Anaerobic threshold was determined following the test using the V-slope method. (Beaver et al. 1986 ) The ratio of whole body mass to height squared was calculated to determine body mass index (BMI in kg/m 2 ).
D r a f t
Effects of short-term RIPC on blood pressure and exercise capacity 6 
P-MRS):
31 P-MRS data were collected to examine cardiac and skeletal muscle energetics according to a standard, reproducible protocol (Banks et al. 2014) . Data were collected at baseline (10 days prior to the study intervention), on days 1 and 2 of the study intervention (following the acute remote IPC bout), and following the study intervention (24 hours following the last day of the RIPC intervention. The inorganic phosphate-to-phosphocreatine ratio (Pi/PCr) was calculated to provide an estimate of ADP concentration (e.g. energy depletion). PCr recovery half-time was calculated to provide an estimate of oxidative capacity in skeletal muscle. Resting cardiac muscle PCr/ATP was calculated to provide an estimate of cardiac energy reserve.. Cardiopulmonary Exercise Testing: Exercise data are summarized in Table 1 .
Briefly, pre-intervention hemodynamic and metabolic variables were within a normal healthy range. Anaerobic threshold and peak VO 2 were unchanged following the intervention. Individual changes in peak VO 2 are shown in Figure 2 . Furthermore, the RIPC intervention was not associated with secondary measures, including a decrease in resting lactate (-0.3[0. 3] mmol/L, p=0.25), increase in peak heart rate (5.3[3.9] beats per minute, p=0.18), and increase in peak lactate (1.6[1.1] mmol/L, p=0.16), after controlling for peak exercise power output. bouts of remote IPC might also be associated with a blood pressure reduction. A reduction in mean arterial blood pressure was in fact observed, secondary to improvements in systemic endothelial function, in a recent study of young, prehypertensive males who completed a seven-day remote IPC intervention (four cycles of five minute ischemia-reperfusion) (Jones et al. 2014 ). The remote IPC stimulus and age of study participants were similar to the current study; however, our participants had two additional days of IPC and a significantly lower pre-intervention resting blood pressure.
Cardiac and Skeletal Muscle Energetics:
A blood pressure reduction was not observed in our normotensive participants. A remarkably lower systolic blood pressure (approximately a 20-30 mm Hg difference) in our participants, may suggest a "floor" effect for blood pressure reduction. The use of D r a f t Effects of short-term RIPC on blood pressure and exercise capacity 9 remote IPC as a therapeutic adjunct to traditional pharmacological treatment in hypertensive patients warrants further investigation.
The effect of remote IPC on exercise performance:
A recent systematic review of 21 studies reported that time-trial performance improved in approximately two-thirds of athletes and recreationally active adults (Incognito et al. 2015) . Nonetheless, evidence for remote IPC improving power output, oxygen consumption, rating of perceived exertion, blood lactate accumulation, and cardiorespiratory parameters remain unclear due to smaller sample sizes and within study heterogeneity (Incognito et al. 2015) .
Notably, a laboratory-based study documented that acute remote IPC did not improve aerobic or anaerobic exercise performance among twelve amateur cyclists (Clevidence et al. 2012) . Our findings support the observations that remote IPC is not associated with an improvement in peak VO 2 , and expand upon previous results by including a short-term intervention (multiple vs. single remote IPC bouts) and studying a sedentary, normotensive cohort. 
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Limitations: The following limitations should be considered when interpreting study results. These findings need to be substantiated with a larger sample size given the exploratory nature of our study. A larger sample size may help to identity potential sample characteristics (e.g. sex, cardiorespiratory fitness, disease) that mitigate the response to remote IPC. Study recruitment was challenging given the strict exclusion criteria and intensive commitment required by participants; yet, the remote IPC intervention was well-tolerated as evidenced by participant adherence.
Conclusion: Our pilot study findings suggest that short-term remote IPC stimulus is not associated with significant improvements in blood pressure, aerobic exercise capacity, and cardiac muscle energetics among young, normotensive adults.
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